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Introduction
Over the past several decades, extensive observation and analysis of termite behavior has taken place within the scientific community. One of the topics at the
forefront of pertinent research involves exploring the behavioral intricacies of
these small eusocial insects (Witting 2007), as well as their specialized reliance
on certain chemical secretions [or pheromones] to remain biologically successful
within their respective native environments (Matsuura et al. 2010).
Upon the completion of an extensive literature review, it is clear that
among the many uses of chemical discharge to termites, some of the most heavily
affirmed functions include the following: the expulsion of specific pheromones
can serve as a mating signal to members of the opposite sex thus increasing the
likelihood of successful reproduction (Bordereau et al. 2010); unique chemicals
are internally manufactured and projected into the environment in order to signal
danger to individual termites as well as operating as an alarm mechanism for entire colonies (Šobotník, Jirošová, and Hanus 2010); trail pheromones are produced
in order to assist with important foraging navigation behaviors across termite societies while searching their surroundings for sources of sustenance (Howse 1984,
475-519).
Of particular interest to this study is the issue of alterations in the efficacy
of trail-following behavior when the respective vapor pressure of mimic pheromones is manipulated. In many different species of termites, the workers secrete
distinct pheromones from the sternal gland in order to mark a potential food
source. Once the chemical compound is applied to the food source, the organic
stamp can act as a map for other termites to travel along (Matsumura, Coppel, and
Tai 1968). Natural inquiries arise as to how effective this strategy would remain
once performed under a spectrum of unique temperatures.
It is important to mention that while many different species of termites
utilize these techniques [and behaviors] of chemical utilization, the specific intrinsic properties of the compounds utilized can vary widely across the respective
species. However, even with a breadth of unique compounds in consideration, a
somewhat unifying tie was established in a study conducted by Sillam-Dusses et
al. which linked the relative biological success of a given termite species to their
efficiency and effectiveness in pheromone usage for foraging activities (2010).
With these facts in mind, a logical curiosity develops concerning what
is an example of the active chemical that provides these said pheromones with
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their power. While remaining cognizant that there may be differences among species, in an experimental study by Chen, Henderson, and Laine, it was found that
Coptotermes formosanus Shiraki and Reticulitermes sp. were both attracted to the
organic compound 2-phenoxyethanol (2-PhOH) in a close level of similarity to
the attraction shown towards their natural pheromone counterpart (Z,Z,E-3,6,8dodecatrien-1-ol) (1988). The source from where the group originally extracted
the organic compound for experimental analysis is of great interest: a common
Papermate ballpoint pen.
Therefore, not only does the knowledge available to the scientific community, thus far, have a strong grasp on the scope of functionality concerning
pheromone secretion in termites, but, additionally, researchers have identified an
analogous sample of chemical structure (e.g. an alcohol) that makes those aforementioned functionalities possible. A meaningful undertaking is to then proceed
to explore more in depth characteristics of these specific organic entities and how
they relate to Reticulitermes sp. utility.
2-phenoxyethanol has been extensively investigated in its own right outside the scope of termite behavior. For example, of strong interest to many aquaculture-focused laboratories is the anesthetic effect that 2-phenoxyethanol exhibits
in underwater entities such as the musky octopus (Sen and Tanrikul 2009). Additionally, 2-phenoxyethanol has been studied concerning its usefulness in dermatological creams/lotions (Tokunaga et al. 2003), its reliability as an antimicrobial
preservative in vaccines (Lowe and Southern 1994) and its effectiveness as a long
term preservative for cadavers in dissection rooms (Wineski and English 1989). In
its pure form, 2-phenoxyethanol maintains the appearance of an often colorless or
sometimes light yellow viscous liquid with a melting point of 11-13°C, a boiling
point of 247°C and a vapor pressure of 9.21x10-6 atm at 25°C (Oxford University).
Similar to all other chemicals, when existing within a liquid
state, 2-phenoxyethanol is a volatile
substance to a certain degree. Volatility is simply a measure of a substance’s tendency to turn into vapor
[or vaporize from a liquid to gaseous phase at a given temperature
and surrounding atmospheric pressure]. Additionally, at any arbitrary
temperature, substances with high
volatility (ergo high vapor pressure)
are more willing to vaporize than are
substances of low volatility. Thus,
highly volatile chemicals reach a
unique equilibrium between the liquid and gaseous phase, with more of
the substance existing in the latter phase (in comparison to those chemicals with
lower volatility). Generalized trends concerning the relationship between vapor
pressure and temperature can be established and graphed; the aforementioned
relationship has been conceptually illustrated in Figure 1 (above) in regards to two
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hypothetical liquid compounds. Notice that vapor pressure does not depend only
on experimental system characteristics (i.e. temperature), but also on the actual
structure and identity of the underlying compound of interest.
Upon understanding how termites rely on pheromone signaling so heavily, another question immediately arises: how does the termite respond to [and
what is the efficacy] the chemical of interest when it is presented at different temperatures (and therefore different vapor pressures), respectfully? In this paper,
the answer to that question will be sought and discussed. The primary investigator hypothesized that lowering the temperature of the ink solution that contains
the mimic pheromone 2-phenoxyethanol would result in the termites displaying a
lower rate (time) of direct trail-following behavior. The proposed explanation for
this hypothesized phenomena being that by decreasing the temperature of the ink
solution, it would consequently lower the vapor pressure of the 2-phenoxyethanol
component of the solution [and thus the mimic pheromone of interest would exist
less in the gaseous phase and be sensed less by the referent insect’s chemical receptors accordingly].
Once an accurate portrait concerning the efficacy of chemical pheromones
is painted across a spectrum of temperatures, it may offer the potential to further
explain evolutionary development of these fascinating organisms in relation to
their natural environment and climate settings. Additionally, considerations can
be given as to how seasonal changes might affect a given species’ biological success.
Methods
Prior to beginning the study, the investigator clearly elucidated the independent
and dependent variables of interest as the temperature of the mimic pheromone
(ink solution containing 2-phenoxyethanol) and the termites’ success rate of following an ink-drawn circle for 20 seconds, respectively. A selection of ten termites
of Reticulitermes sp. origin (i.e. Reticulitermes flavipes) was chosen to serve as the
sample for both the control and treatment groups. Upon sample selection, a circle
was drawn with the ink solution at room temperature (22°C). A termite from the
sample pool was chosen and placed precisely on the ink circumference of the circle. A timer was started once the termite made its first movement [which, in every
trial, was within one second of placement].
Measurements were recorded (in units of seconds) as to the length of time
that each individual termite followed the ink circle before deviating beyond 2 cm.
in any direction from the marked circumference. Once the termite had followed
the drawn circle for 20 seconds without deviating beyond 2 cm. from the line, it
was recorded as a “completion”. If a termite did not reach the 20 second mark before deviating beyond 2 cm. from the circle, it was recorded as an “incompletion”
and the specific time was made note of for future statistical analysis.
The procedure of choosing a termite, preparing a freshly inked circle, and
recording trial data was repeated for each of the ten termites individually. Upon
completion of the ten replications, the termites were returned to a jar with their
original wood chips and left to settle for five minutes.
The next stage was carried out in a similar manner; the only controlled manipula-
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tion to the testing variables was that the mimic pheromone containing ink solution
was chilled to a temperature of 4°C. Each termite was provided with a freshly
inked circle with a writing instrument that was removed from the laboratory refrigeration unit immediately before tracing. Similar to the control methodology, all
ten termites were tested based on their first movement for a maximum period of 20
seconds while staying within a distance of 2 cm. from the drawn circumference.

It is relevant to quickly make note that the time limit of 20 seconds was
not a completely arbitrary determination, but rather chosen as to provide the best
possibility of a termite gaining hold of the chemical trail – without allowing so
much time to pass that the chilled ink solution would reach an equilibrium temperature with the environment (which, due to the direct relationship between temperature and vapor pressure, would impact the potential conclusion’s validity).
Figure 2 (above) depicts a diagram of the experimental setup that was utilized for
this study.
Results
In the experiment of recording termite trail-following behavior while manipulating the temperature of the ink, the Reticulitermes flavipes test subjects displayed a
significantly longer mean time (p < 0.02) when presented with the circle drawn
with ink at a warmer temperature. Specifically, the mean time calculated for the
treatment at 22° C was 19.20 seconds and the mean calculated for the treatment at
4°C was 11.60 seconds.
Additionally, standard error determination resulted in an output of 0.800
(for the treatment of 22° C) and a larger error output of 2.504 (for the treatment of
4°C). Replication was achieved in the experiment via the repeated use of the same
ten specific termites for each given treatment group (n =10).
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Discussion
Observing the results
procured from this experiment, one can see
that the original hypothesis set forth by
the primary investigator was supported. Interestingly, the termites
showed a very high
rate of completion (i.e.
successfully following
the mimic pheromone
trail for at least 20 seconds) when the ink was
at room temperature
(22°C) versus when the same termites were presented with the mimic pheromone
in solution at 4°C. These findings suggest that it is feasible that the alteration of
mimic pheromone vapor pressure affects the efficacy of trail-following behavior
in Reticulitermes sp. Namely, when the ink’s intrinsic chemicals experience a high
vapor pressure, they are more suitable to enter a gaseous phase than when the
chemicals are at a lower vapor pressure. When the chemical mimic pheromone is
more likely to be in a gaseous state (and thus readily permeate the air above the
liquid solution), a termite is more likely able to lock onto the chemical trail and
accurately display trail-following behavior. When the mimic pheromone experiences a low vapor pressure due to being held at a cold temperature, the chemical
compound is comparatively more likely to remain in the liquid state and not permeate as much into the air – therefore resulting in the average termite experiencing more difficulty with maintaining the following behavior consistently, if even
displaying the behavior at all.
However, the data collected did provide some unexpected results. While
the solution at 4°C did show a statistically significant lower mean time of 11.60
seconds, the range of the times spanned a much wider time frame. The standard
error for the warmer solution was only 0.800, while the standard error for the
colder solution was a higher value of 2.504. There are several possible explanations for this variation. One reason for the difference could stem from individual
characteristics unique to each termite: perhaps the chemical receptors of some of
the termites were working at a different level of efficacy in contrast to those of
their peers, and thus the scenario of longer runs and much shorter runs actualized
(when it came to being presented with the mimic pheromone with a low vapor
pressure). Amelioration of this potential risk could take form in future investigations via the utilization of a larger sample size (thereby reducing the possibility of
test subjects with outlying efficacy levels [in regards to the functionality of their
chemical receptors] having a significant impact on the data outcomes). Another
possible explanation for the differences between the treatment groups’ standard
errors is a specific limitation encountered by the experimental design: while the
ink solution at room temperature would have very little likelihood of changing
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temperature during a given trial (due to its already existing equilibrium with the
environmental surroundings), the cold ink solution was prone to warm once removed from the freezer. Thus, there is the risk that while the cold ink solution was
originally standardized to an identical temperature for each termite, the solution
may have warmed by a different number of degrees across different specific trials
once the termite was actually obtained and placed near the drawn line.
Further experimentation is needed in order to more clearly elucidate the
relationship between chemical vapor pressure and termite trail-following behavior. Specifically, the future utilization of a refrigeration unit that could decrease
the ink solution’s temperature to a lower level (e.g. -5°C, -10°C, -15°C) than that
capable of being reached in this experiment offers the potential to add additional
support to the original hypothesis. If, as the ink gets colder, the termites show a
further decreased mean following time, the vapor pressure hypothesis is concurrently strengthened. Additional data points would also allow the potential to further validate the investigative findings.
Additional future investigations should be undertaken that reduce the
risk of the ink solution warming once the circle is drawn. Potential solutions include arranging the termite onto the paper before the ink circle is drawn (in order
to reduce corresponding waiting periods), lowering the temperature in the room,
performing the experiment completely within an insulated container, and using a
thicker layer of ink. However, each of these possibilities would change a facet of
the study and would thus require their own respective complete evaluation. Nevertheless, the findings would potentially offer additional support to the hypothesis of this study. A potentially useful future research endeavor would also observe
any trends that arise from testing the termite groups with an inverse treatment in
comparison to this study; namely, a new study might involve heating the mimic
pheromone solution and comparing the results between room temperature (22°C)
and warmer temperatures (e.g. 35°C). If the termites showed improved trail-following behavior when presented with heated mimic pheromones in comparison
to that of those at room temperature, it would provide strong evidence towards
solidifying the viability of the hypothesis concerning vapor pressure’s relevance.
Based on the investigation’s findings, future questions of interest arise as
to how this potential connection between vapor pressure, trail-following behaviors, and temperature relate to Reticulitermes flavipes (and other termite species) as
in their natural intrinsic environment and surroundings. In addition to impacting
the vapor pressure, does altering temperature affect the termites physiologically
(i.e. their chemical receptors)? While Reticulitermes flavipes often thrives successfully within regions of North America, even in the face of fluctuating seasonal
temperatures, numerous other termite species often inhabit regions with predominately hot climates; in fact, it has been hypothesized that termites may have originated from South Africa (Bordy et al. 2009). This pending fact of origination from a
hot, dry climate offers the feasibility of specific adaptations in the physiology (e.g.
pheromone receptors) of Reticulitermes flavipes which have consequentially permitted it to survive in colder geographical regions. More studies must be performed
in order to render a clear answer.
As mentioned earlier regarding the study of Sillam-Dusses et al., the effectiveness of a termite society’s trail-following behavior has a direct correlation
with its success (2010). With the efficacy of trail-following behavior in Reticuli-
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termes flavipes successfully documented, a point of interest would be to examine other species for their own respective efficacy of pheromone usage at cold
temperatures. Synthesizing these two facts leads to a logical explanation of the
nature of the termite’s habitat: certain termite species can thrive in regions with
reasonably erratic climates (such as Reticulitermes flavipes within North America),
yet other species are unable to continually inhabit regions of cold temperatures
or harsh seasonal variations. In accordance with the findings of this study, the
phenomena could be attributed in part to the likelihood of reduced efficacy in
trail-following behaviors when located in these colder locations [arising from the
reduced vapor pressure of their respective pheromones of interest in colder temperatures] and, thus, leading to the lower likelihood of successful foraging efforts,
less fruitful reproduction cycles and, most importantly, the decreased likelihood
of a species’ biological success.
The exploration of outcomes encompassed by this study with Reticulitermes flavipes provided an insightful understanding of how climate factors (namely, temperature) could play a potential role in the success or failure of a given
termite colony if translocated to a new geographic region. Additionally, it offered a
viable hypothesis for physiological adaptations in a given Reticulitermes sp. which
must have occurred during the species’ respective evolutionary timeline in order
to support continued (albeit less efficacious) trail-following behaviors when presented with pheromones with lower vapor pressures.
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